ABSTRACT. Light-mediated hydrolysis of phosphatidylinositol-4,5-bisphosphate (TPI) to 1,2-diacylglycerol and D-myo-inositol 1,4,5-triphosphate (IP3) has been reported in the visual photoreceptor cells. We have investigated the localization of the TPI antigenic sites in dark-and light-adapted rat retinas using rabbit anti TPI antibodies (Ab). Sprague-Dawley rats were dark-, or light-adapted, or were exposed to a light flash. The eyes were fixed immediately and the tissue sections stained with the rabbit anti TPI Ab. The peroxidase-antiperoxidase method was used to find the localization of the TPI antigenic site. Image analysis of the sections was performed to obtain optical density profiles of the stain. Dark-adapted retinas showed intense staining of the rod outer segment (OS) layer but much less staining of the rod inner segment layer. Compared with the OS of dark-adapted retinas, those of the flash-bleached retinas were stained much less. The OS of fully bleached retinas showed little or no staining. The anti TPI Ab-protein A-gold conjugate intensely stained disks from dark-adapted retina but those from bleached retina much less. Our results suggest that rapid hydrolysis of TPI in rat rod outer segments occurs in vivo in response to light.
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Increased phosphatidylinositol turnover in response to extracellular stimuli seems to be a general mechanism of signal transmission in various receptor systems (3, 16) . The hydrolysis of phosphatidylinositol-4,5-bisphosphate (TPI) gives rise to two intracellular effectors; 1,2-diacylglycerol which activates protein kinase C (17) and inositol 1,4,5-triphosphate (IP3) which causes calcium flux across the cell membrane (3) .
Light stimulates the rapid hydrolysis of TPI in vertebrate (8, 11) and invertebrate (5, 23) photoreceptors. TPI turnover also seems to function in Drosophila photoreceptors (26) . Recent evidence indicates that IP3 mimics the effect of light in modulating the membrane potential of the photoreceptors. Intracellular injections of IP3 in the dark induce the depolarization of Limulus ventral photoreceptors reversibly and without detectable latency (5, 7) and the hyperpolarization of salamander rod photoreceptors (24) . Calcium has an important role in the photoreceptors (9, 10, 25) , and recent evidence suggests that IP3 induces an increase in the intracellular calcium in Limulus photoreceptors (4) . Therefore the IP3 generated by the hydrolysis of TPI, may function in controlling intracellular calcium concentration in the photoreceptors.
We have determined the localization of TPI (antigenic sites) in the rat retina, using TPI-specific polyclonal antibodies. We also investigated whether the concentration of TPI in the photoreceptors changes between dark and light adaptations. 
RESULTS
Immunocytochemical localization of TPI antigenic sites in rat retinas. The peroxidase-antiperoxidase method was used to find the location of phosphatidylinositol-4,5-bisphosphate (TPI) in dark-adapted (Fig. 1 a) , partially bleached (Fig. lb) , and light-adapted (Fig. 1c) retinas. Fig. I d shows a cross section of the control retina (dark-adapted, not treated with TPI antibodies). The retinal rod OS in this darkadapted retina showed intense staining for TPI. This staining diminished markedly in retinas exposed to a brief flash of light and was barely detectable in fully lightadapted retinas. The inner segments did not stain appreciably for TPI in all retina samples. The outer nuclear layer was stained for TPI throughout the cell layer in the dark-adapted retinas ; whereas, in partially bleached ones only a specific population of cells was stained. In light-adapted retinas the outer nuclear layer did not stain for TPI. The inner nuclear layers of all the retina samples did not appear to be stained intensely. The staining profiles of the ganglion layers were essentially identical in all the retina samples. In other words, light had little effect on the staining of both the inner nuclear and ganglion layers. Some background staining was present in control retinas from dark-adapted animals (Fig. ld) that the magnitude of staining in the retinal OS region is reduced markedly after a l-ms flash bleach and becomes essentially zero in fully bleached retinas. TPI antigenic sites in the rod disk membrane. Staining of dark-and light-adapted rod outer segments by TPI antibodies conjugated with gold-labeled Protein-A is shown in Fig. 4 . A dense population of gold particles is associated with the membranes of dark-adapted disks (arrows in Fig. 4 A) . The detailed structure of the outer segment is not recognizable in Fig. 4 A because the camera was focused on the gold particles to increase the staining contrast. Some gold particles that appear to be in the subretinal space are actually associated with the barely discernible rod membranes. In contrast, light-adapted rod membranes bind very few gold particles (Fig. 4 B) . It should be noted that all the particles are associated with the membranes and are absent in inter-and intra-discal spaces (arrows). These results are strong evidence that TPI associated with the rod disk membranes is hydrolyzed rapidly in response to light.
DISCUSSION
Studies of isolated frog (8) and rat (18) retinas show that the incorporation of [3H] inositol into phosphatidylinositol is stimulated markedly by light. Light also increases the incorporation of [14C] glycerol into phosphatidylinositol in isolated rat retinas (19) . Furthermore, the phosphorylation of phosphatidylinositol to TPI in excised rat retinas is enhance by light (19) . These results are consistent with the hypothesis that the metabolism of phosphatidylinositol, including polyphosphoinositides in vertebrate photoreceptors is stimulated by light. Recent studies report the light-induced breakdown of TPI in frog photoreceptors (8, 11) , the light mediated decrease of TPI determined chemically after extraction of lipid is not very large [L/D =0.63 (8) to 0.82 (ll)] This may be attributed to the hydrolysis of TPI during preparation of rod outer segments in the dark (8) . Contamination of the outer segment preparations by other cellular organelles also affects the reliability of the procedure. To demonstrate light-induced changes in TPI in vertebrate photoreceptor in vivo, we exposed the whole animal to an illumination and analyzed the TPI content in the retina using purified antibodies specific for TPI.
Compared with the procedure that involves the radiolabeling of excised tissue , lipid extraction and the assay of TPI, the immunocytochemical method is more direct and analyzes TPI under more physiological conditions. One drawback of this latter method is that no TPI that is inaccessible to the antibodies can be detected ; and therefore, the amount of TPI estimated from the extent of staining is only semiquantitative. The specificity of antibodies is always a problem in immunocytochemical localization studies. Because the antibodies used have low reactivity with phospholipids such as phosphatidylcholine, it may be argued that the light-induced decrease in staining found represented a loss of phospholipids other than TPI.
In rat photoreceptor membranes phosphatidylcholine is the major phospholipid (about 50 mole % of the total phospholipid), whereas phosphatidylinositol accounts for about 1.6 mole % (1). If phosphatidylcholine was responsible for the staining pattern observed in this work, the phospholipid would have had to disappear almost completely from the light-illuminated photoreceptor membrane which would have caused degeneration of the rod membranes, but no disintegration of the photoreceptor membranes was detected upon bleaching under the experimental conditions.
Another possibility is that the antibodies react with DPI and PA. In frog photoreceptors, the DPI/TPI ratio is about 2 and the PA/TPI ratio about 1 (11) . If similar ratios are assumed for these compounds in rat photoreceptors, about 12 of the antibody binding would be due to DPI and about 9 % to PA. This leaves about 80 % of antibody binding to react with TPI. For these reasons, we conclude that the antibodies used primarily bound to the TPI antigenic sites in the membrane. Labeling of the dark-adapted rod outer segments with gold-labeled antibodies showed the TPI antigenic sites to localized on the disk membrane. In contrast, staining of light-adapted disk membranes was very slight. These results suggest strongly that TPI in rat rod disk membranes undergoes a rapid and precipitous decrease in light.
TPI hydrolysis in isolated frog photoreceptors becomes detectable after exposure to a 5-sec. illumination (8, 11) . In our experiment, exposure of the whole animal to a 1 msec. flash illumination followed by the fixing of the tissue within a minute was sufficient to cause a marked decrease in the TPI content in the photoreceptor layer. Therefore, light-induced hydrolysis of TPI in vivo may be fast enough to have an important function in the visual process. The initial event in light-induced TPI hydrolysis must be photon absorption by the visual pigments. Hydrolysis of TPI to IP3 is catalyzed by a TPI-specific phospholipase C (20); nothing, however, is known of how photoactivated rhodopsin activates phospholipase C.
The outer nuclear layer is also stained intensely by anti-TPI antibodies and this staining is reduced markedly by light. The stained cells are probably horizontal ones although the synaptic ends of visual cells also may be stained. The phosphoinositide metabolism in toad horizontal cells reportedly is activated by light (2) . If the stained cells are horizontal ones, intercellular communication between the photoreceptor cells and the horizontal cells must evoke a metabolic response in the secondary neurons. Neurotransmitter release from the synaptic end of vertebrate photoreceptors occurs in the dark and is inhibited in light. Divalent ions that inhibit neurotransmitter release from the photoreceptor cells (but not those cations that potentiate neurotransmitter release) stimulate phosphatidylinositol metabolism in horizontal cells (2) .
If light-induced hydrolysis of TPI does have a function in vertebrate photoreceptors, the original amount of TPI must be restored in the dark. Further studies are in progress to determine how quickly TPI is resynthesized during dark-adaptation of the animal.
